Single-crystal X-ray study T = 150 K Mean (C-C) = 0.002 Å R factor = 0.033 wR factor = 0.075 Data-to-parameter ratio = 10.3
The relative configuration of the title compound, C 9 H 14 NO 5 , formed by catalytic hydrogenation of an azidolactone, has been established by X-ray crystallographic analysis. The absolute configuration was determined by the use of 2,3-Oisopropylidene-l-lyxono-1,4-lactone as the carbohydrate starting material.
Comment
Carbohydrates have been extensively used as starting materials for the synthesis of important small biological molecules such as imino sugars. Imino sugars are analogues of carbohydrates in which the ring O atom is replaced by an N atom and the anomeric hydroxyl group is removed Asano et al., 2000) . They are almost always inhibitors of the corresponding glycosidases (Bruce et al., 1992) and have proved to have the potential to produce antiviral, antidiabetes and anticancer effects, as well as immunemodulatory properties (Asano et al., 1994) . Lactones have provided short syntheses of novel imino sugars (Asano et al., 2000) . Almost all of these targets have unbranched carbon chains. Recent results have indicated that analogues with carbon branches give rise to compounds with interesting biological activities (Ichikawa & Igarashi, 1995; Ichikawa et al., 1998) . Novel imino sugars of this kind provide an opportunity for altering and, it is hoped, increasing the specificity of inhibition of individual glycosidases, and to study further the structure-activity relationships of glycosidase inhibitors. However, the chemistry of branched sugars, and in particular that of branched sugar lactones, has remained largely unexplored. The main problem is the lack of cheaply and easily available simple derivatives of monosaccharides with a carbon branch (Bols, 1996) . Efficient routes to branched sugar lactones are under investigation in our laboratory. One exploits the Ho crossed-aldol reaction (Ho, 1979 (Ho, , 1985 Simone et al., 2005) , one the Kiliani reaction on ketohexoses (Kiliani, 1886; Soengas et al., 2005; Hotchkiss et al., 2004 Hotchkiss et al., , 2006 , and one the Amadori rearrangement on sugars followed by treatment with calcium hydroxide (Hotchkiss et al., 2006) . The crossed-aldol reaction was the crucial step in the synthesis of the title powerful branched intermediate (3), stereoisomeric with (4) (Newton et al., 2004) . Stereochemical ambiguity may arise from the aldol reaction.
Azidolactol (1) was prepared from 2,3-O-isopropylidene-llyxono-1,4-lactone and submitted to the key aldol branching reaction. Oxidation of the aldol product with bromine water yielded branched lactone (2). Hydrogenation of (2) resulted in the initial formation of the corresponding amine, which underwent isomerization to the title lactam upon refluxing in the reaction solvent.
The X-ray crystal structure of (3) removes any ambiguity about the course of the aldol condensation and provides comparison of the solid-phase structures of (3) and (4) in order to rationalize their biological activity. The molecular structure shows no abnormal features. The largest differences from the Mogul norms (Bruno et al., 2004) are C6-O7 (0.02 Å ; Mogul s.u. 0.02 Å ) and C2-C3-O8 (À5.4 ; Mogul s.u. 1.9 ).
The crystal structure of (3) consists of sheets of molecules lying perpendicular to the c axis ( Fig. 2) , in which the molecules are linked by short hydrogen-bonded chains (O8-H10Á Á ÁO5-H9Á Á ÁO7). Curiously, the amine atom H13 is not involved in any strong hydrogen bonds. The closest O atoms are too distant, and the N-HÁ Á ÁO angles are too accute (Table 1) to be real hydrogen bonds.
Experimental 5-Amino-5-deoxy-2-C-hydroxymethyl-2,3-O-isopropylidene-l-lyxono-1,5-lactam, (3), was obtained upon reduction of 5-azido-2,3-Oisopropylidene-l-lyxono-1,4-lactone, (2), using Pd-black and hydrogen gas in refluxing toluene at low concentration (2.5 mg ml À1 ). A 64% yield of the title compound was obtained. The compound was then crystallized via solvent evaporation (dichloromethanemethanol), appearing as colourless plates (m.p. 490-491 K). Analysis: [] D 21 À14.0 (c 0.18 in methanol); IR (thin film, max , cm À1 ): 3340 (br, OH, NH), 1661 (s, CONH, six-ring lactam); 1 H NMR (D 2 O, 400 MHz, , p.p.m.): 1.28, 1.34 [2 Â 3H, 2 Â s, C(CH 3 ) 2 ], 3.18 (1H, dd, J H5,H5 0 = 13.7 Hz, J H5,H4 = 5.1 Hz, H5), 3.51 (1H, dd, J H5 0 ,H5 = 13.6 Hz, J H5 0 ,H4 = 3.5 Hz, H5 0 ), 3.63 (1H, d, J H2,H2 0 = 12.1 Hz, H2), 3.77 (1H, d, J H2 0 ,H2 = 12.1 Hz, H2 0 ), 4.08-4.15 (1H, m, J = 4.9 Hz, J = 3.6 Hz, H4), 4.34 (1H, d, J H3,H4 = 4.9 Hz, H3); 13 Symmetry codes: (i) x À 1; y; z; (ii) Àx þ 1; y þ 1 2 ; Àz þ 1 2 ; (iii) x þ 1; y; z; (iv) Àx þ 2; y þ 1 2 ; Àz þ 1 2 .
The H atoms were all located in a difference map, but those attached to C atoms were repositioned geometrically. The H atoms The molecular structure of the title compound, with displacement ellipsoids drawn at the 50% probability level. H atoms are shown as spheres of arbitary radius.
Figure 2
A packing diagram of the title compound, showing one sheet of hydrogen-bonded molecules lying parallel to the ab plane. Note that atom H13 (bonded to nitrogen) is not involved in any hydrogen bonds. [Symmetry codes: (i) x À 1, y, z; (ii) 1 À x, y À 1 2 , 1 2 À z.]
were initially refined with soft restraints on the bond lengths and angles to regularize their geometry (C-H in the range 0.93-0.98 Å , N-H = 0.86 Å and O-H = 0.82 Å ) and U iso (H) [in the range 1.2-1.5U eq (parent)], after which the positions were refined with riding constraints. In the absence of significant anomalous scattering, Friedel pairs were merged and the absolute configuration assigned from the starting material. Data collection: COLLECT (Nonius, 2001) .; cell refinement: DENZO/SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: DENZO/SCALEPACK; program(s) used to solve structure: SIR92 (Altomare et al., 1994) ; program(s) used to refine structure: CRYSTALS (Betteridge et al., 2003) ; molecular graphics: CAMERON (Watkin et al., 1996) ; software used to prepare material for publication: CRYSTALS. supporting information Acta Cryst. (2007) . E63, o1409-o1411 [https://doi.org/10.1107/S1600536807007568] -5-deoxy-2-C-hydroxymethyl-2,3-O-isopropylidene-L-lyxono-1,5- (7) 0.0313 (7) −0.0056 (6) 0.0064 (7) 0.0027 (6) N5 0.0308 (6) 0.0351 (7) 0.0327 (6) −0.0131 (5) 0.0000 (6) −0.0006 (5) O5 0.0266 (5) 0.0245 (5) 0.0571 (7) −0.0020 (4) 0.0105 (5) −0.0005 (5) C6 0.0229 (6) 0.0293 (7) 0.0243 (6) 0.0018 (5) 0.0012 (5) −0.0035 (5) Symmetry codes: (i) x−1, y, z; (ii) −x+1, y+1/2, −z+1/2; (iii) x+1, y, z; (iv) −x+2, y+1/2, −z+1/2.
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